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Finding an effective method for accurate and reliable data collecting during production processes 
has been a concern of many industrial producers. Mass production in industrial environment 
involves fulfilling customer requirements and obligatory quality control standards. So gathering 
data in supply chain generally and especially in production lines is compulsory. In addition to 
customer requirements, competition and progress in harsh economic environment needs reliable 
and on time data. 
This thesis focuses on the production system of a company named SKC, which collects data 
based on user reports. Operators must report their productive activity in detail at the end of every 
process/task or at the end of working day. Numerous reports not only waste the valuable 
production time of operators, but also increase the risk of mistake and data inconsistency in 
manual steps of reporting and data entry. Furthermore, data is not available before the next 
working day which delays dynamic planning and mistake preventing actions. 
This thesis provides a design to replace this old-fashioned system with a system that is based on 
new technologies. Even in this case economical justification is a great motivation for change. The 
main subject is to automatically identify materials, operators, and machinery equipment for every 
batch of final products. This online data tracking will make a great control opportunity. To present 
a systematic and practical design for automated data gathering, a specified type of production 
has been considered, although the main idea and concept can be used in similar cases. It has 
been tried to describe the topic in general way, after that, any selection that has been made is 
based on real conditions in considered company, which is a labor-oriented assembly line. 
In the designed solution, any important object including and not limited to operators, batches of 
final products, raw materials and production machines are equipped with RFID tags. In collecting 
points like Production Stations a special device reads the tags and by using Wireless Sensor 
Network (WSN) the data is sent to the Sink, which is connected to the network and the data is 
inserted to a database. The reader device associated to production station is combined from 
RFID reader module and ZigBee module. A LCD display and a keypad are added for more 
functionality. 
) 
Keywords: data gathering, production line, combining ZigBee + RFID, RFID versus barcode  
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ABBREVIATIONS  
Abbreviation Description  
SKC Sabzevar Khodro Cable (Name of a company) 
MPM Manufacturing Process Management 
ERP Enterprise Resource Planning 
MRP Material Requirements Planning 
WIP Work In Progress 
RFID Radio Frequency Identification 
SCM Supply Chain Management 
BOM Bill Of Materials  
ISO International Organization for Standardization 
PM Preventive Maintenance 
ABC Activity Based Costing 
AOA  Angle of Arrival 
TOA  Time of Arrival 
TDOA  Time Difference of Arrival 
UWB  Ultra Wide Band 
RSSSI  Received Signal Strength Indicator 
LF  Low Frequency 
HF  High Frequency 
UHF  Ultrahigh Frequency 
PAN  Personal Area Network 
SNR Signal to Noise Ratio 
PSK Phase Shift Keying 
FSK Frequency Shift Keying 
ASK Amplitude Shift Keying 
CRC Cyclic Redundancy Checking 
BOP Bill Of Process 
QC Quality Control 
JIT Just In Time 
QA Quality Assurance 
IQC Incoming Quality Control 
IPQC In-Process Quality Control 
FQC Final Quality Control 
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1 INTRODUCTION 
 
1.1 DEFINITIONS  
Business  
This thesis presents a systematic and practical design for automated data gathering for industrial 
production tracking. A specified type of production has been considered although the main idea 
and concept can be used in similar cases. The name of the Company for which this work was 
carried out is Sabzevar Khodro Cable Co. (SKC), [1] (An affiliate to Iran Auto Parts Industrial 
Group, [2]) 
Manufacturing process management 
Manufacturing process management (MPM) is a collection of technologies and methods used to 
define how products are to be manufactured. MPM differs from Enterprise resource planning 
(ERP) and Material requirements planning (MRP) which are used to plan the ordering of materials 
and other resources, set manufacturing schedules, and compile cost data. 
A cornerstone of MPM is the central repository for the integration of all these tools and activities 
aids in the exploration of alternative production line scenarios; making assembly lines more 
efficient with the aim of reduced lead time to product launch, shorter product times and reduced 
work in progress (WIP) inventories as well as allowing rapid response to product or product 
changes. [3] 
Batch production     
Batch production is the manufacturing technique of creating a group of components at a 
workstation before moving the group to the next step in production. Batch production can be 
useful for small businesses who cannot afford to run continuous production lines. Batch 
production is also useful for a factory that makes seasonal items, products for which it is difficult 
to forecast demand, a trial run for production, or products that have a high profit margin. [4] 
Assembly line 
An assembly line is a manufacturing process in which parts (usually interchangeable parts) are 
added to a product in a sequential manner using optimally planned logistics to create a finished 
product much faster than with handcrafting-type methods. 
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Assembly lines are designed for a sequential organization of workers, tools or machines, and 
parts. The motion of workers is minimized and each worker typically performs one simple 
operation. 
Problem being solved  
Finding an effective method for accurate and reliable data collecting during production processes 
has been a concern of many industrial producers. Mass production in industrial environment 
involves fulfilling customer requirements and obligatory quality control standards. So the 
importance of compulsory data gathering in supply chain is clear. 
The SKC Company is a producer of main automobile producers and spare parts distributors. 
These products are mainly different types of mechanical cables, but they have similar production 
methods and common parts. Production is done in a predefined number of final products which is 
called batch.  
Industrial management department is responsible for planning of production and defines the 
schedule of production. The most important base for this planning is data gathered from the 
production process. Active and efficient programming requires online and up to date information 
about production. On the other hand, customer requirements and mandatory standards define 
conditions for production and data tracking.  
In simple words, it must be clear and provable that any specified final product is formed with 
specific raw materials, by specified operators, and also with predefined and calibrated machinery 
equipment. Obviously, the exact time and date of events are important. Collecting this data using 
manual paper based reports is a very annoying task, and has a great potential for mistake and 
data mismatch. Furthermore, data is not available before the next working day which delays 
dynamic planning and mistake preventing actions. 
Manual data entry means costs. At least two full time operators are in charge of this task and 
sometimes overwork is necessary to enter all data and reports. So replacing this old-fashioned 
method with an automated and efficient system is a great enhancement in a company and will 
lead to cost reduction and more reliability and many other side effects and benefits. Last chapter 
is allocated for side effects and extra benefits. 
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This thesis focuses on finding and describing a new solution for this old problem. This solution is 
easy to use especially for operators, economical, reliable and effective. The final result has been 
accepted by SKC generally and hardware experts confirm that this system is implementable.  
 
1.2 INTRODUCING BASIC TERMS  
1.2.1 Final Product’s Batch   
A limited and predefined number of final products is usually called a „batch‟. The number of final 
products in a batch depends on physical conditions of products including weight, length and 
production time while ordering amount and packaging instructions are the most important factors. 
The number of final products per batch is almost constant for every product and 48, 96, 400, 600 
are the most common numbers. Hereinafter the word „batch‟ means final product‟s batch.        
1.2.2 Operator  
Thanks to new technology, robotics, and automation, many processes in industrial production are 
done without any need to operators to have even a small role in production process. But also 
there are many businesses which are mainly operator based operations. Our case also is a 
manual-based production line and many processes are performed and controlled by operators. In 
other words, the operator is an important factor in production and having information about 
operators who have performed or controlled the process is very important and critical.    
Hereinafter, in production atmosphere referring to operators is equal to referring to all personnel. 
In special cases where the difference is relevant, it is described separately.  
1.2.3 Production Station   
Production station is a logical set of machinery equipment and activity method which is 
automated or run by operator(s). Processes defined in a production station are connected 
together, which means that this set of processes must be done all together. The processes which 
are done in production station can be compared with transactions in a database. All pre-defined 
processes in one particular production station are done together and if one requirement for 
performing these processes is not ready, none of them is performed.      
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1.2.4 Parcel 
Arriving raw materials are stored in warehouse in smaller package size called “Parcel”. The 
parcel has passed all quality tests and entrance checks and stored in warehouse. The parcel is 
the smallest amount of those goods which can be requested, used or ordered. Parcel size can be 
different but normally one parcel size is used for each raw material. Size, weight, consumption 
coefficient and production plan defines the parcel size. Packaging instructions are defined for 
suppliers mainly based on parcel size.    
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2 SOLUTIONS 
 
2.1 OPTIMIZING CURRENT SYSTEM  
At first sight, optimizing the current system may be an improvement, which by process 
reengineering and changing routines may be achieved, but after deeper observation, it is 
understood that this system has been optimized in many years of working. Steady growth and 
rising amount of production year after year have changed the situation totally, while new 
technologies have been adopted. A solution that was very expensive some years ago is now 
acceptable and reasonable. 
Thus the present system which is based on manual operator reports without any systematic 
control cannot be improved and must be changed totally to fulfill new requirements. In present 
system operators, after any task, or at the end of their working shift must report daily tasks 
including exact time, raw materials, final products batch, production stations and machinery 
equipment. This operation, which is open to mistake and uncontrolled operation wastes 10 to 20 
minutes of operators time. 
2.2 BARCODE 
 
Figure 1: An example of barcode 
A barcode is an optical machine-readable representation of data, which shows data about the 
object to which it is attached. Originally, barcodes represented data by varying the widths and 
spacing of parallel lines, and may be referred to as linear or 1 dimensional. 
2.3 RFID 
Radio-frequency identification (RFID) is a technology that uses communication through the use of 
radio waves to transfer data between a reader and an electronic tag attached to an object for the 
purpose of identification and tracking. 
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Both barcode and RFID have been used for many aims including Supply Chain Management 
(SCM) and production tracking. Success stories of these technologies can be found everywhere. 
In comparing, RFID technology is a newer approach against barcode which has been used and 
developed for several decades. Nowadays finding objects without barcode is almost impossible. 
On the other hand, using RFID in common and popular uses is growing rapidly and tags can be 
found everywhere, from supermarkets to bookstores even under the skin of people as a passport.  
2.4 COMPARING BARCODE AND RFID 
In fact, comparing barcode and RFID in general is not justified. They have advantages and 
disadvantages relative to the problems. Different requirements, usage, applications, flexibility and 
economical aspects are considerable.  
As a research thesis “The advantages and disadvantages of barcodes and radio frequency 
identification in supply chain management” has been done by L. McCathie in the University of 
Wollongong. [5] This research has been done some years ago (2004) but the fundamentals have 
not changed, Since the 1980s barcodes have become the backbone of supply chain 
management. Next few pages in this chapter are excerption and summarizing from this research. 
Tables no 1 and 2 are also obtained from this research.  
This Section identifies RFID as an alternative technology to barcodes in Supply Chain 
Management (SCM). RFID uses “tags that emit radio signals and devices called readers that pick 
up the signal”, with the ability to hold large amounts updateable information and is not limited by 
optical scanning. RFID technology has opened the door to a new era in SCM, unachievable using 
existing barcode technology.  
However, several significant market leaders such as Wal-Mart and the U.S. Department of 
Defense have announced deadlines for their suppliers to comply with RFID specifications. [5]  
2.4.1 Simplicity & Usability 
The simplicity of barcodes is one of their most appealing aspects. Since their inception, typical 
barcode printing costs have dropped to less than a cent per barcode. As the two core ingredients 
used to produce a barcode are ink and paper, they will remain relatively inexpensive compared to 
alternative technologies, such as RFID using silicon chips. The cost of printing barcodes is almost 
nothing.  
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Barcode technology‟s ease of use can be attributed as a significant factor of its success. When 
the right infrastructure, software and hardware, is in place, the “automation provided by a bar 
code system greatly simplifies information collection, processing and tracking”.  Gathered 
information can be easily used by advanced management systems. As barcodes are easy to use, 
the technology has the ability to be implemented seamlessly into many business applications.  
2.4.2 Reliability and Accuracy  
There is no doubt that barcode scanning is more reliable than manual data collection, higher 
accuracy rates at high speeds. Zebra Technologies claim that read error rates are approximately 
one error in one million characters or greater than 99.99% accuracy. Trained data entry operators 
using manual key entry are less accurate and much slower than barcode scanning, making 
approximately one error for every 300 characters entered. [6] [7].   
Barcode technology uses direct „line-of-sight‟ and requires close scanning range, often making 
the technology difficult and impractical in many industrial environments.   
2.4.3 Environmental Effects  
As barcodes require line of sight, products must have barcode labels that are clearly visible to 
make scanning easy. To prevent damage, barcodes must be relatively clean, be handled gently 
in abrasion free environments. This can create a significant problem throughout the supply chain, 
where goods are often handled roughly and exposed to damaging environments. 
One of RFID‟s most attractive offerings is its fundamental attribute of not requiring line of sight 
when reading RFID tags, unlike barcodes. RFID scanners can communicate to tags in 
milliseconds and have the ability to scan multiple items simultaneously. This ability significantly 
aids the automation of many SCM tasks.  
Keith, et al., predicts that receiving check-in time could be reduced by 60 – 93% with RFID 
technology. It is also estimated that RFID could yield labor savings of up to 36% in order picking 
and a 90% reduction in verification costs for shipping processes. [8] 
2.4.4 Asset Tracking and Returnable Items  
Asset tracking is one of the most common applications of RFID technology. RFID is ideal for 
identifying items that require routine calibration, inspections, or that need to be checked in or out. 
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Tags can have the capacity to store and handle the needs of most users. This data capacity is 
what makes the identification of individual products feasible. In addition to this, tags can be 
updated on the fly, storing new information from RFID readers as they move across the supply 
chain.  
 2.4.5 Advantages and Disadvantages of Barcodes and RFID  
It is difficult to compare barcodes to RFID. This inequality means that the two technologies are 
not on level ground. Despite this limitation, the diagram below lists many of advantages and 
disadvantages of barcodes and RFID generally.  
 
Figure 2: The Advantages and Disadvantages of Barcodes and RFID, [5] 
It should be noted that the diagram offers no weighting to any particular attribute and is not 
complete; the factors listed have been given the most space in common industry papers.  
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Table 1: Comparing Barcodes and RFID, [5] 
Attribute Barcodes RFID  
Cost Relatively cheap  Expensive  
Ease of Use Simple and easy to use  Depends on level of automation  
Ongoing 
Innovations  
There are still continual 
innovations in the technology 
such as “mobi-ticket”.  
RFID development is at a relatively 
immature state which means new 
applications are continually emerging.  
Reliability and 
Accuracy  
Barcodes are quite reliable and 
accurate, but are subject to 
operator mistakes and 
environmental hindrances.  
The technical nature of RFID and lack of 
human involvements means that 
theoretically its reliability and accuracy 
will be extremely high.  
Line-of-sight Limited by line-of-sight  Tags can be scanned remotely  
Environmental 
Considerations  
A significant limitation of 
barcodes is the environment.  
RFID tags can be very durable with 
some tags withstanding harsh chemical 
and extremely high temperatures.  
 
Table 2: Comparing Barcodes and RFID, continue, [5]  
Attribute Barcodes RFID  
Asset Tracking Barcodes can be used to track 
assets, enabling businesses to 
monitor the use of many 
investments such as tools.  
RFID tags allow organizations to track 
their assts as they are used. Tags can 
be attached to returnable items such as 
beer kegs to help maximize their use.  
Inventory 
Tracking  
Limited inventory tracking is 
available; however, barcodes 
can generally only specify what 
type of product an item is, 
limiting its effectiveness.  
The individual tracking of objects as they 
move along the supply chain is easy with 
RFID. The information on tags can also 
specify a product‟s expiry date.  
Quality Control 
and Recall 
Management  
The inability to track unique 
items across the supply chain 
means that recalls and quality 
control cannot be very accurate.  
Individual item level management allows 
organizations to undertake stringent 
quality control practices and make very 
specific recalls when required. Tags can 
also monitor shock and temperature 
levels to ensure the quality.  
Security Barcodes provide limited or no 
security capabilities.  
Information rich, always-on tags give 
organizations the ability to constantly 
monitor tagged objects.  
 
Previous comments and descriptions gave a clear concept of barcode and RFID in general. By 
considering all aspects of our project and the future of technology, investment on barcode is not 
suitable for this case, and the advantage of RFID is clear. 
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The industrial environment characteristics make it difficult to use barcode for example 
supermarkets, the nature of products which grease is one raw material defined in Bill of Materials 
(BOM) and oily machinery equipment is opposite to line of sight when using barcode. The 
difference between barcode and RFID in this project is clear enough to select RFID as solution 
confidentially. Extra use described in the last chapter proves that there is no doubt about this 
selection.            
2.5 TRACKING 
2.5.1 Raw materials     
Based on problem definition, every pack of raw material (parcel) is equipped with an RFID tag. 
When this pack is added to a batch of final products, related data must be stored. It is clear that 
with manual reporting there is always doubt about the correctness of data and based on a survey, 
this method of reporting consumes 10 – 20 minutes of working hours per day per worker. 
Reading RFID tags is an automated and accurate process. For reading data there are different 
choices:  
First, adding an RFID reader to Production station. This reader reads the tags of raw materials, at 
the starting of process the reader has read the specified tag of batch of final products so the 
relation between raw materials and final products has been established. This reader is used in 
other purposes: reading data from workers or QC man. These parts are explained in their related 
chapters. 
Secondly, adding an RFID reader to batch of final products. Batches of final products are carried 
with carts (wheeled boxes). Each cart has a reader and data from raw material and operators 
collected by it. This reader is used in other purposes: positioning of batch, reading data from 
workers, layout definitions etc. These parts are explained in other chapters. 
2.5.2 Operators     
Clearly, all personnel have unique RFID tags. The real aim is to identify the operators of specified 
process. As mentioned before, writing the name and code of operators is a basic field of a daily 
worker‟s report. Disadvantages of this method have been described in previous pages. In 
“Tracking raw materials” Section, two solutions are found: RFID reader added to Production 
station, and RFID reader added to batch of products. Each of these readers can be used alone.  
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As a common way in mass production, the customer‟s inspectors are present in the production 
environment to test, control and confirm the quality of products. In similar way, people in charge 
of quality control have the same job. QC inspectors mainly test and confirm the process and in 
rare conditions, they may reject a product and request for “Line Stop”.  QC inspectors have 
predefined tags to show the results. Green card means Confirm, Yellow card means Warning and 
Red card means Reject. 
This future is not limited; other cards can be defined in this manner. Instead of using different 
RFID tags, controller can enter data from keypad of device associated to production stations or 
final products batch, but using tags is primary and an easier method. Detail description of this 
process described in “HARDWARE” Chapter. 
 2.5.3 Machinery Equipment    
Based on customer requirements and ISO/TS, the machinery equipment and production tools 
must be specified. On the other hand, this data is critical for Preventing Maintenance system 
(PM), guaranty of tools and costing models, especially Activity-based costing (ABC). For 
machinery equipment identification there are two solutions. 
First, using RFID reader associated to Production stations. In this case, all machinery equipment 
have been defined and related to Production station. Any change in equipment and tools must be 
recorded in database. This method is suitable for systems which have minimum level of changes. 
Secondly, using RFID reader of batch is another solution for machinery equipment tracking. For 
covering this need, each tool has a unique RFID tag. This tag is read by reader of batch. In this 
method, a set of machinery equipment can be associated to one RFID tag, but like in the first 
choice, any change in this set must be recorded in database. This method is preferable for 
physical fragmented production stations system or for multi choice system. 
2.6 POSITIONING 
2.6.1 Scientific approach    
Wireless sensor networks (WSN) have been used for various applications, such as environment 
monitoring and target tracking. For all these applications, it is essential to know the locations of 
the data. We can divide localization protocols into two categories: range-based and range-free.  
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Range-based protocols estimate absolute point-to-point distance to calculate the location 
between neighboring sensors. The second class of methods, named range-free approach, 
employs connectivity to find the distances from the non-anchor nodes to the anchor nodes. 
Range-based algorithms are typically based-on angle-of-arrival (AOA), RSSI (Received signal 
strength indicator), time-of-arrival (TOA) or time-difference-of-arrival (TDOA) measurements. A 
promising technology is the ultra wideband (UWB) technology where precise ranging can be 
embedded into data communication. [9] 
Positioning in this project means identifying the approximate physical location of objects in the 
pre-defined area. It must be considered that the positioning is not a high priority subject in the 
factory, the best choice is using hardware and facilities which are mandatory for other high level 
needs and by minimal cost try to cover the main part of positioning problem. In additions, this 
project is based on RFID tags and RFID readers, so we focus on these types of solutions.  
2.6.2 Fixed Tags and movable Readers 
As discussed earlier, one solution is to add a reader module to batch of products, the main 
propose of attaching this reader to batch of products is reading RFID related to operators, raw 
materials and machinery equipment, but by minimum cost and change it can be used for 
determining location and position of objects equipped with RFID reader modules. Batch of 
products mainly are carried along the production line with wheeled boxes or carts. By adding 
fixed and predefined RFID tags in the manufacturing area, the position of batch can be 
recognized. This information is very valuable, especially for layout design and efficiency 
improvement. The shortest path for production is important to reduce the overhead costs.             
 
Figure 3: Fixed Tags and movable Readers 
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2.6.3 Fixed Readers and movable Tags 
In positioning target, it is enough to identify absence or presence of objects in the area. For 
example in a meeting room it is sufficient to determine who is present at the area and the exact 
location is not important. Time attendance system is another example of this type of systems. 
In manufacturing by focusing on production and security we can find many targets for this type of 
positioning. The pure idea is described in the following sections. 
Preparing the building 
To implement location systems, it is necessary to install in the building the hardware systems for 
detection and communication, first of all. This process depends mainly on the shape of the 
building. The regions must be defined, inside the building. They will be called zones. 
 
Figure 4: Zone definition, Fixed Readers and movable Tags, [10] 
How the system works 
The system is made up of several independent subsystems, controlled and supervised from a 
main program. This program is responsible for recording all the detection data and process all the 
information about tags and their movements. It is possible to determine, at every step through a 
detector, in which zone the each tag is present. [10] 
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Figure 5: Node structure of zones, [10]                                 Figure 6: Node type of zones, [10] 
Recall that in this system every Production station is equipped with an RFID reader. The only part 
which is not covered is “Temporary Storage”. Occasionally, it is necessary to store unfinished 
batches of products, for some hours or even some days. Especially disorder batches must be 
tracked and those positions must be saved. By adding RFID readers to Temporary Storages we 
can define virtual production stations. So as a rule, bathes change their production stations or 
zones. Instead of positioning, this system can show valuable information about bottle necks of 
production process.          
 
2.6.4 CS001RTLS, Real Time Location System  
In some cases it is required to track objects temporarily, for example, investigating and tracking 
some products or operators in changing layout to study effects of change. This type of tracking 
needs a reasonable accuracy and recording data in database to be used later. Physical 
movement of products, raw materials and operators is an important factor for mass production.  
This need is almost separated from other needs and could be solved by a ready solution. 
CS001RTLS-DEVKIT CSL Real Time Location System Development Kit is an available and 
ready to use solution. [11], [12].  
 
Another example: if there are more than one path between two points and realizing the used path 
is required, by adding a reader in each path the requirement is covered. A batch of final products 
that travel from one production station to next station passes from virtual production stations to 
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identify the path. This data is used during layout design and layout improvement. This type of 
tracking and movement recording probably is not necessary all the time for all objects. Having 
some accurate sample is enough for decision making. Alternative solution for this time limited and 
occasional use is the CS001RTLS. This system uses active tags and provides 1 meter accuracy. 
The tags can be attached to candidate batches to determine the time and path of objects to be 
monitored.  
Additional use of this solution is visitors tracking, while the number of visitors is limited, it is a 
good idea to have some extra uses from this system. It is estimated that with about 75 active 
RFID tags, presented with CS001RTLS-DEVKIT, sample tracking and visitors tracking can be 
covered, indeed adding more tags is possible at any time.     
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3 HARDWARE  
 
3.1 NETWORK TOPOLOGIES  
Topology refers to the shape of a network, or the network's layout. How different nodes in a 
network are connected to each other and how they communicate is determined by the network's 
topology. Topologies are either physical or logical. Topology can be understood as the shape or 
structure of a network. [13] Figure 7 shows three types of topologies in WSN networks: star, 
mesh and cluster tree. Other types of topologies are available.   
 
Figure 7: Common types of topologies in WSN networks, [13] 
Star Topology  
In the star topology, the communication is established between devices and a single central 
controller, called the PAN coordinator. After an FFD is activated for the first time, it may establish 
its own network and become the PAN coordinator. Each start network chooses a PAN identifier. 
This allows each star network to operate independently.  
Peer-to-peer Topology  
In peer-to-peer topology, there is also one PAN coordinator. In contrast to star topology, any 
device can communicate with any other device as long as they are in range of one another. 
Network can be ad hoc, self-organizing and self-healing. Applications such as industrial control 
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and monitoring, wireless sensor networks, asset and inventory tracking would benefit from such a 
topology. It also allows multiple hops to route messages from any device to any other device in 
the network. It can provide reliability by multipath routing.  
Cluster-tree Topology  
Cluster-tree network is a special case of a peer-to-peer network in which most devices are FFDs 
and an RFD may connect to a cluster-tree network as a leave node at the end of a branch. Any of 
the FFD can act as a coordinator and provide synchronization services to other devices and 
coordinators. Only one of these coordinators however is the PAN coordinator.  
 
Figure 8: Graphical representation of final network 
Selecting appropriate topology for project is important and effects on some futures like 
performance, security and reliability.  Based on project and size of the network, different 
topologies can be considered to cover the requirements, but in this case the cluster-tree topology 
is selected while the star topology works as well. 
The number of nodes is limited and also the area which must be covered is limited to one salon, 
so implementing ad-hoc topology for this problem is not necessary at all.     
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3.2 FREQUENCIES BANDS 
 
3.2.1 RFID Frequencies 
Frequency refers to the size of the radio waves used to communicate between components of 
RFID systems. It is generally safe to assume that a higher frequency equates to a faster data 
transfer rate and longer read ranges, but also more sensitivity to environmental factors such as 
liquid and metal that can interfere with radio waves. RFID systems currently operate in the Low 
Frequency (LF), High Frequency (HF) and Ultrahigh Frequency (UHF) bands. 
 
Low-Frequency (LF)  
Low-frequency RFID systems are typically 125 KHz, though there are systems operating at 134 
KHz as well. This frequency band provides a shorter read range and slower read speed than the 
higher frequencies. LF RFID systems have the strongest ability to read tags on objects with high 
water or metal content compared to any of the higher frequencies. 
  
High-Frequency (HF)  
High-frequency RFID systems operate at 13.56 MHz, and feature a greater read range and 
higher-read speed than LF systems. Also, the price of the tags is among the lowest of all RFID 
tags. Typical read range is less than 1 meter, and the ability to read tags on objects with high 
water or metal content is not as good LF systems but stronger with UHF systems. There are 
several standards concerning HF systems, including the ISO 15693 standard used for tracking 
items.  
 
Ultrahigh Frequency (UHF)  
Ultrahigh frequency RFID utilizes the 860 to 930MHz band – typically 868 MHz in Europe and 
915 MHz in North America. Read range is up to 3m (9.5 ft) and the data transfer rate is faster in 
HF systems.  
 
Microwave  
The final frequency option is the microwave band, either 2.45GHz or 5.8GHz. Though microwave 
based RFID systems offer the highest data read rates, they are the most expensive systems and 
have a limited read range of up to 1m (3 ft). [14] 
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Table 3: Summary of FREQUENCIES BAND, [14] 
Frequency 
Band 
Description  
 
Operating 
Range 
Applications  
 
Benefits Drawbacks 
125KHz to 
134 KHz 
 
Low 
Frequency 
 
< .5M or 
1.5ft. 
 
• Access Control 
• Animal Tracking 
• Product 
Authentication 
Works well 
around water 
and metal  
Short read 
range and 
slower read 
rates 
13.56 MHz  
 
High 
Frequency 
< 1M or 3ft. 
 
• Smart Cards 
• Maintenance 
data logging 
Low cost of 
tags 
 
Higher read 
rate than LF 
 
860 MHz 
to 930MHz 
 
Ultrahigh 
Frequency 
(UHF) 
 
3m or 9ft.  
 
• Pallet tracking 
• Carton Tracking 
• Electronic toll 
collection 
EPC standard 
built around 
this freq. 
Does not work 
well around 
items of high 
water or metal  
2.4GHz  Microwave 1m or3 ft • Airline Baggage Most 
expensive 
Fastest read 
rates 
RFID frequency band allocations  
There are a total of four different RFID frequency bands or RFID frequencies that are used 
around the globe. These are placed widely in different areas within the radio frequency spectrum 
and this enables RFID to choose frequencies that will enable the right system parameters to be 
obtained.   
Table 4: RFID frequency band allocations, [15] 
RFID Frequency 
Band 
Frequency Band 
Description 
Typical 
Range  
Typical RFID Applications  
125-134.2 kHz and 
140-148.5 kHz  
Low frequency  
Up to ~ 
1/2 meter  
Can be used globally without a license. 
Often used for vehicle identification. 
Sometimes referred to as LowFID.  
6.765 - 6.795 MHz  Medium frequency     Inductive coupling  
13.553 - 13.567 MHz  
High Frequency 
HF, Often called 
13.56 MHz  
Up to ~ 1 
meter  
Used for electronic ticketing, contactless 
payment, access control, garment tracking, 
etc  
26.957 - 27.283 MHz  Medium frequency  
Up to ~ 1 
meter  
Inductive coupling only, and used for 
special applications.  
433 MHz  UHF     Used for remote car keys in Europe  
858 - 930 MHz  
Ultra High 
Frequency 
UHF  
1 to 10 
meters  
This band cannot be accessed globally and 
there are significant restrictions on its use. 
When it is used, it is often used for asset 
management, container tracking, baggage 
tracking, work in progress tracking, etc.  
2.400 - 2.483 GHz  SHF     
Backscatter coupling, but only available in 
USA / Canada  
2.446 - 2.454GHz  SHF  
3 meters 
upwards  
Used for long range tracking and with active 
tags, RFID and AVI (Automatic Vehicle 
Identification). Uses backscatter coupling  
5.725-5.875GHz  SHF     
Backscatter coupling. Not widely used for 
RFID.  
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3.2.2 ZigBee Frequencies 
In this project frequency band is divided to two separate topics.  
 Frequency used for RFID tags and readers 
 Frequency used for ZigBee modules communication 
It is described that the designed device associated to production stations consists of two main 
parts, RFID readers and ZigBee modules, each of these parts acts at specified frequency band. 
After describing available RFID frequency in general at the beginning of this Chapter, available 
frequency band for ZigBee modules is described by the ZigBee Alliance as following. [16]     
 Global operation in the 2.4GHz frequency band according to IEEE 802.15.4 
 Regional operation in the 915 MHz (Americas) and 868 MHz (Europe). 
 Frequency agile solution operating over 16 channels in the 2.4GHz frequency 
 
 
Figure 9: ZigBee frequency, [16] 
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The ZigBee modules are connected in 2.4 GHz and RFID tags and readers are working in HF. 
High-frequency RFID systems operate at 13.56 MHz. More description about RFID frequency is 
presented in section 3.4.    
The 2.4GHz ISM band has become popular. A short list of possible users and possible interferers 
includes: 802.11 b/g/n networks, Bluetooth Pico-Nets, 802.15.4-based Personal Area Network 
(PAN) and Microwave ovens. Regarding to ZigBee specification and absence of potential 
interferers devices in the factory environment, 2.4GHz ISM band can be used certainly.  
3.3 RFID TAG TYPE 
RFID tags can be categorized from various aspects like frequency band, power supply, read/write 
status, physical attributes and shape. Frequency band is discussed in a separate section and in 
this part other aspects are presented. 
 3.3.1 Power supply 
From this point of view, there are three types of tags: active tags, passive tags and semi-passive 
tags. A short description for each of these types is presented as following.     
Passive RFID Tags 
Passive RFID tags have no internal power supply. The lack of an onboard power supply means 
that the device can be quite small: commercially available products exist that can be embedded in 
a sticker, or under the skin. 
Active RFID Tags 
Unlike passive RFID tags, active RFID tags have their own internal power source which is used to 
power any ICs that generate the outgoing signal. Active tags are typically much more reliable 
than passive tags due to the ability for active tags to conduct a "session" with a reader. Active 
tags also transmit at higher power levels than passive tags, allowing them to be more effective in 
environments like water or metal. [17] 
Semi-passive RFID tags  
Semi-passive RFID tags are similar to active RFID tags in that semi-passive RFID tags have an 
internal power supply, but they do not broadcast a signal until the RFID reader transmits one first. 
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3.3.2 Read/write status 
RFID tags have different types for reading and writing process. 
 Read only tags contain a unique license plate number which cannot be changed 
 WORM, Write Once Read Many - enables users to encode tags at the first instance of 
use, and then the code becomes locked and cannot be changed 
 Read/write allows for updated or new information to be written to the tag 
Read only tags are the cheapest, because they often require the least amount of memory, but 
they rely on an infrastructure and readily available database to retrieve useful information. Where 
this is not possible, read/write tags are often used. [18] 
Although using Read/Write tags will present good futures to the project, the project considered to 
work with read only tags, while all data is stored in database, and RFID tags will act as a pointer 
to data and an easy method of data entry. In other words, the system does not depend on data 
stored in RFID tags. It needs only the serial number of tags.  
By using Read/Write tags for operators, we can benefit more than a pointer to database. For 
example, a list of equipment which has been delivered to operator can be updated in any new 
situation, or a monthly time sheet program can be stored and used in operator‟s tag.   
 3.3.3 Tag shape  
RFID tags come in a range of shapes and sizes. The following are the most common:    
 Label: The tag is a flat, thin, flexible form 
 Ticket: A flat, thin, flexible tag on paper 
 Card: A flat, thin tag embedded in tough plastic for long life 
 Glass bead: A small tag in a cylindrical glass bead, used for applications such as animal 
tagging (e.g. under the skin) 
 Integrated: The tag is integrated into the object it is tagging rather than applied as a 
separate label, such as molded into the object 
 Wristband: A tag inserted into a plastic wrist strap 
 Button: A small tag encapsulated in a ruggedized, rigid housing, [19] 
Based on customer‟s requirements and ISO standards, in case of any parcel of raw materials 
labeled with a small paper which contains name and code of raw material, supplier code, 
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manufacturing date and etc. it is a good idea to use RFID tags. (For this propose.) In this case, 
RFID card tags not only have their predefined rules but also act as a physical identifying card. 
The best tag shape for operators is wristband. Although they can use card shape tags. Different 
size and shape of RFID tags presents options to select the best suitable RFID type based on the 
specified need. Tag shape may have effects on read range but there is no other difference 
between them in system design and implementation. Table 5 shows samples of available and 
popular RFID tags. 
Table 5: RFID Shapes, [20], [21] 
 
3.4 RFID READER 
An RFID reader is a device that is used to interrogate an RFID tag. The reader has an antenna 
that emits radio waves; the tag responds by sending back its data. A number of factors can affect 
the distance at which a tag can be read (the read range). The frequency used for identification, 
the antenna gain, as well as the placement of the tag on the object to be identified will all have an 
impact on the RFID system‟s read range. 
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The only task for RFID reader is reading data from tags and transferring data, but this simple task 
can be done in different ways and RFID readers may have different shapes. A ready to use and 
commercial high frequency 13.56 MHz reader module is embedded in reader device and data is 
sent via the ZigBee module to the sink. The sink is connected to the network and data is inserted 
to the database.  
Hardware implementation is not in the scope of this thesis, but for demonstration and showing 
possibility and functionality of reader modules, two samples of RFID reader modules are 
presented here.  
 HF RFID Reader Module 713010  
 HF RFID Reader Module JMY601H 
These off the shelf modules with reasonable prices are only two suggestions from thousands of 
available choices. Technical information and data sheets of these products are available in 
presented references.      
HF RFID Reader Module 713010 
 
Figure 10: HF RFID Reader Module 713010, [22] 
HF RFID Reader Module JMY601H 
 
Figure 11: HF RFID Reader Module JMY601H, [23] 
  
30 
In addition to RFID readers associated to production stations, it is necessary to have some 
movable readers. These handheld readers are mainly used in stock taking and realizing the 
unfinished final products in production line. Other uses of these readers can be imagined in 
arriving raw materials process or even in machinery equipment managements.  
The number of these handheld RFID readers is limited, about 10 pieces of readers is enough. In 
selecting handheld readers, attention to application development kit provided by producer, 
available memory and communication method is vital. Bluetooth and USB connections are 
preferred. Suggested samples for handheld readers are:  
 HF Rugged Handheld Terminal RFID Reader 246005 
 HF Rugged Handheld Reader/Writer 243013     
 
3.5 RFID READER RANGE  
Selecting a suitable range for readers is a complex and critical subject. The range of RFID 
readers is depending on some various parameters. The following list shows most important 
factors: 
First, consider power. Next, the tag must “speak” loudly enough for the reader to “hear” it. Finally, 
the reader must “listen” well. This factor relates to the quality of the reader‟s noise rejection, SNR, 
filtering, and processing.   
Sometimes, the modulation type also affects read range. PSK (phase-shift-keying) and FSK 
(frequency-shift-keying) systems are inherently more immune to noise than ASK (amplitude-shift-
keying) systems, because PSK and FSK systems use a subcarrier that noise cannot easily 
duplicate. In ASK systems, any sufficiently wide noise spike can look like data and corrupt a bit, 
so you must use checksums, parity schemes, or CRC (cyclic-redundancy checking) to counteract 
the noise. [24] 
RFID Reader Collision 
Reader collision occurs in RFID systems when the coverage area of one RFID reader overlaps 
with that of another reader. This causes two different problems:  
 Signal interference, The RF fields of two or more readers may overlap and interfere. This 
can be solved by having the readers programmed to read at fractionally different times. 
This technique is called time division multiple access or TDMA.  
 Multiple reads of the same tag, the only solution is to program the RFID system to make 
sure that a given tag is read only once in a session.  
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Regarding to this technical consideration, higher read range is not always the best choice. For 
example, imagine that in a production station the attached reader can read from 3 meters. In a 
crowded production line the reader reads a lot of tags from everyone in reading range, so the 
collected data is useless.  
The best read range for readers attached to production station is about 10 – 25 cm. Obviously, 
this read range is not suitable for detecting operators passing from gates, in that case 100 – 150 
cm reading range is acceptable.  Normal read range is explained in technical documents of any 
product or module. 
        
3.6 ZIGBEE 
3.6.1 Why ZigBee 
To create a reliable and requirement covering communication technology for considered project, 
ZigBee is a solution. Obviously, other technology like Dash-7 and Wibree can be considered as 
alternative solutions, but by considering other local factors including popularity, previous 
successful experience, training cost and demand of hardware implementation team, Zigbee was 
selected. Finally, consulting with an expert showed that ZigBee is a right solution.  
The rest of this section is a brief introducing of Zigbee, and it can be ignored if you are familiar 
with this technology. Thesis related information and description of project are not included in 
these pages. Referring to the official ZigBee Alliance website (www.Zigbee.org [16]), is the best 
way for understanding this technology. The following topics are obtained from this site. 
ZigBee Alliance 
The ZigBee Alliance is an open, non-profit association of members that has created a thriving 
global ecosystem developing standards that ultimately deliver greater freedom and flexibility for a 
smarter, more sustainable world. Membership is open to all.  
ZigBee Technology 
ZigBee is the only standards-based wireless technology designed to address the unique needs of 
low-cost, low-power wireless sensor and control networks in just about any market. Here are 
some facts about ZigBee: 
 With hundreds of members around the globe, ZigBee uses the 2.4 GHz radio frequency 
to deliver a variety of reliable and easy-to-use standards anywhere in the world. 
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 Consumer, business, government and industrial users rely on a variety of smart and 
easy-to-use ZigBee standards to gain greater control of everyday activities. 
 With reliable wireless performance and battery operation, ZigBee gives you the freedom 
and flexibility to do more. 
 ZigBee offers a variety of innovative standards smartly designed to help you be green 
and save money. 
ZigBee BASICS  
Mesh networking makes up for the limited power of each individual node by leveraging the ability 
to relay data through nearby cooperating nodes. ZigBee uses direct sequence spread spectrum 
(DSSS) modulation in mixed-mesh, star, and peer-to-peer topologies (including cluster-free) to 
deliver a reliable data service with optional acknowledgments. The range per node is a nominal 
10 m, but popular implementations have a single-hop range of up to 100 m per node line of sight 
(and farther if relaying through other nodes). ZigBee employs 64-bit IEEE addresses and shorter 
16-bit ones for local addressing, which allows thousands of nodes per network. 
Association, disassociation, and CSMA- CA channel access with an optional guaranteed time slot 
for high-priority, low-latency transmissions are transparently handled from the application’s point 
of view, as is AES 128-bit security. Association is the process used to establish a device’s 
membership in the network. With 16 channels at 2.4 GHz offering 250 kbps, 10 channels at 915 
MHz offering 40 kbps, or one channel at 868 MHz offering 20 kbps, ZigBee provides modest 
bandwidth that enables multi-year battery life from a coin cell in designs with a low duty-cycle.  
3.6.2 ZigBee Module 
Similar to RFID reader modules, ZigBee modules are used for communication between nodes, 
which in this case, it is exactly communication between production stations. 
The production stations device reads data from RFID reader module or keypad and then sends 
collected data by the ZigBee module to the sink. 
The hardware implementation team will select and use appropriate module, based on their 
parameters and priority, with respect to them, the following ZigBee modules have the futures 
needed for the solution. These off the shelf modules have been used widely with reasonable 
functionality and acceptable prices. These modules are shown in Figure 12 and Figure 13.    
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Figure 12: CC2431/CC2430 Module, [25] 
 
 
 
 
Figure 13:  Very popular XBee 1mW Module, [26] 
3.6.3 Module Selecting 
In this project, ZigBee has been selected as WSN technology and we want to choose our 
modules and development methodology.  
Parameter specifications  
Many factors will join effectively together to form a multi variables equation. It is clear that only 
some of these parameters and not limited to this list, will be used. Based on project, each factor 
has a different coefficient and cost. Parameters classification can vary from project to project. 
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 Following categories are one suggestion.   
 General parameters:  
Price, futures, reliability, flexibility, development time are general and considerable in most of 
selection case. These parameters are fundamental and clear. The main factors in decision 
making are in this group.   
 Internal parameters: 
Successful experience about a technology will give confidence to continue this way, on the other 
hand, well experienced and expert staff will reduce training costs. 
 External parameters:  
National interest, local access, investment in a company or even political parameters may 
influence your decisions. For example if there is no price difference or technical advantage 
between product A and B, but B is produced in your city, obviously, you will select product B. 
The division of parameters to previously mentioned groups is not the only categorizing method, 
but the most important part is to determine and consider the effective parameters. In the following 
parts, most common parameters are described. Recall that our atmosphere is wireless sensor 
network and focusing on ZigBee. 
Cost 
The cost of the ZigBee hardware is divided between the bill of material (BOM) and the 
engineering cost associated with the development, manufacturing and testing products. The 
development cost can be divided in the pre-study phase and in the engineering phase.  
Testing cost 
Testing is a cost that often is forgotten when making a radio design. Test cost includes the test 
development cost, instruments and the actual testing of each device.  
ZigBee –Module Vendor Evaluation 
It is very important to select needed modules from stable company with experienced 
management, specialist in RF hardware, profitable company with long track record. And also, 
well-developed support and full line of products are basic needs for evaluation. 
Especial futures  
Sometimes an especial aspect of products is needed and this request is vital for project, so 
products must be filtered. For example, if positioning is important on WSN applications, Received 
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signal strength indication (RSSI) is important and only modules which support RSSI 
measurement must be considered. Security or power consumption may be considered hear. 
For developing and hardware implementation of projects based on Zigbee, there are a lot of 
producers and products. Individual chips, pre-produced modules, ready to use packages or even 
a new customized development method suitable for businesses. 
By considering general conditions and parameters, the following two ZigBee modules are 
selected for implementation.  
 CC2431/CC2430 Module (Z31) 
 XBee Module (C-200-WLXBEE)  
Clearly, the hardware implementation team has their own parameters, practice and background 
and they may select another ZigBee module, but when a module uses ZigBee trademark it 
means that it will fulfill ZigBee specifications and functionality. Despite the fact that standard 
ZigBee modules from different producers can work and communicate with each other, it is 
strongly recommended to use only on type of modules from a selected producer.    
 
3.7 COMBINING WSN+RFID 
An RFID system usually consists of two main components: tags and readers. A tag has a unique 
identification number (ID) and memory that stores additional data such as manufacturer name, 
product type, and so on. The reader can read and write data to tags. In a typical RFID application, 
tags are attached or embedded in objects that must be identified or tracked. By reading tag ID 
and referring to database, mapping between ID and object is provided.  
A sensor network is composed of a large number of sensor nodes that can be deployed on the 
ground, in vehicles, inside buildings or production lines. Sensors in wireless sensor networks 
(WSNs) sense the environment and forward data to a sink that usually is far away from the data 
source. In this project the sensing job is reading RFID tags which will be done by an RFID reader. 
The main differences between RFID and WSN technologies are summarized in Table 6.  
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Table 6: Comparing RFID & WSN, [27] 
 
As can be observed from Table 6, RFID networks and WSNs represent two complementary 
technologies, and there are a number of advantages to merging these two technologies. RFID 
tags are much cheaper than sensor nodes. It is economical to use RFID tags to replace some of 
the sensor nodes in WSNs.  
Currently, the application of RFID systems is much wider than that of wireless sensors. By 
combining the properties of RFID and WSN, we can define several different application scenarios 
for combining RFID and WSNs including:  
Class 1 — Integrating RFID Tags with Sensors  
Integration of this class enables the adding of sensing capabilities to RFID systems. The RFID 
tags with sensors (sensor tags) use the same RFID protocols and mechanisms for reading tag 
IDs, as well as for collecting sensed data.  
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Class 2 — Integrating RFID Tags with WSN Nodes and Wireless Devices  
Sensor tags from Class 1 have limited communication capabilities. In high-end applications, it is 
possible to integrate RFID tags with WSN nodes and wireless devices, such that the integrated 
tags can communicate with many wireless devices, not just the readers.  
Class 3 — Integrating Readers with WSN Nodes and Wireless Devices  
Another type of integration of RFID and sensors is the combination of RFID readers with WSN 
nodes and wireless devices. The integrated readers can sense environmental conditions, 
communicate with each other in wireless fashion, read identification numbers from tagged 
objects, and transmit effectively this information to the host.  
The structure of the node is shown in Figure 14. 
 
Figure 14: Structure of the Integrated WSN Nodes and RFID reader, [27] 
Class 4 — Mix of RFID and Sensors  
Unlike the previous cases, RFID tags/readers and sensors in this class are physically separated. 
An RFID system and a WSN both exist in the application, and they work independently. However, 
there is an integration of RFID and WSN at the software layer when data from both the RFID tags 
and the WSN nodes are forwarded to the common control center.  
Based on conditions and special requirements of this project, only combination of RFID readers 
with WSN nodes, Class 3 is used. This Section has been obtained and summarized from [27].    
3.8 HARDWARE DESIGN 
Hardware design in detail is not the main topic of this thesis, but a clear description of 
functionality and requirement is essential. Data flow is described carefully and the hardware is 
considered as block diagram. For example, a graphic LCD display, keypad, RFID reader/writer or 
  
38 
dipswitches are considered as ready to use objects and PCB board design and pin connection 
have been entrusted to hardware specialist and hardware implementation team. 
This approach to hardware design does not mean that the final real product is too different from 
this design. It means that the final module will have the exact described functionality even if the 
hardware implementation team has changed LCD display to LED display or they have selected 
Texas Instruments microcontrollers instead of Atmel microcontrollers, for example.  
Production Station device              
The most important device which must be assembled from ready to use commercial modules and 
configured is the Production station device. This device is consisted from these main parts:  
 ZigBee module 
 Microcontroller 
 RFID reader 
 Keypad 
 LCD display 
 Dipswitches 
Clearly, these components are encapsulated in an appropriate package, including power supply, 
probably coin size batteries and also on-off key. 
The microcontroller is the central part of this device and by running its internal program, reading 
data, displaying status and finally, communication is done. The relation between these parts can 
be imagined as Figure 15. 
 
Figure 15: Block diagram of Production Station Device 
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Instead of microcontroller which is the central processing unit, other elements are divided to input 
and output groups. Input group includes RFID reader, Keypad and Dipswitches and output group 
consists of LCD display and ZigBee module. 
A dipswitch is installed inside the device and it is inaccessible from outside. The main use of this 
dipswitch is in the initial state of device, to initialize basic configuration parameters. It defines the 
unique ID number of Production Station. Other use of this dipswitch is predefining ZigBee 
channel for communication or any other configurations. 
For Production Station serial number, 12 bits is considered, which means maximum 4096 
production stations can be defined. Grouping these Production Stations is a software job and the 
only effect on production station‟s device is displaying method. Allocating 6 bits for group and 
assigning 6 bits for production station serial number defines 64 groups with 64 production stations 
in each group. Any other combination of these 12 bits is allowed. For example, tree layer design 
including main-group, sub-group and serial number is an acceptable and implementable method.  
 
Figure 16: Usage of dipswitches 
All flexibility provided by dipswitches can be achieved by software definition inside the program 
code of microcontrollers, but it requires programming any microcontroller separately with different 
parameters. Difficult and time consuming maintenance, configuration and node replacement are 
other side effects of omitting dipswitches. 
The major part of data is gathered from RFID tags, but in some cases it is necessary to enter 
data manually. For example, consider that for completing a batch of final products only half of a 
raw material package (parcel) is used and it must be reported that all of raw material is not used, 
because by default, the system will consider that all pieces of introduced raw material package 
have been used. 
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Another great usage of keypad is unusual situations. In ordinary routine an operator performs his 
or her task, but for extra speed of production in bottle necks auxiliary operators may be added to 
these production stations temporarily. Reporting these auxiliary operators only can be done from 
keypad. In case of broken or lost tags, process can be continued via keypad while the problem is 
resolving by tag replacement. 
Different modes can be selected by a mode-select key from keypad, the following table shows the 
list of available modes and short describe of items. This list can be updated and redefined easily 
to fulfill undefined future needs. 
Adding keypad provides flexibility and reliability to the device. Ability to continue the job even by 
faulty RFID reader, damaged tag or even lost operator‟s RFID tag is valuable. 
Table 7: Different mode for Production Station Device 
NO  Parameters 
1 Operator code  Operator‟s code 
 Used for entering operator‟s code in case of missed or damaged tag/ faulty RFID 
reader  
Logical Package Format=(Mode:1 , Station code, Operator code)   
2 Raw material code Material‟s code 
 Used for entering raw material‟s code in case of missed or damaged tag/ faulty 
RFID reader   
Logical Package Format=(Mode:2 , Station code, Operator code)   
3 Final Product‟s Batch  Batch number 
 Used for entering Batch number in case of missed or damaged tag/ faulty RFID 
reader  
Logical Package Format=(Mode:1 , Station code, Batch Number)   
4 Unused raw material % 1-99 % of unused raw materials 
 Presented percentage is associated to the last introduced raw material; to be 
sure operator can enter data after showing raw materials tag.   
Logical Package Format=(Mode:3 , Station code, Unused%) 
5 Controller code Operators code 
 Used for entering controller‟s code in case of missed or damaged tag/ faulty RFID 
reader 
Logical Package Format=(Mode:4 , Station code, Controller code) 
6 Control result Limited sequential code predefined for 
possible result 
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1: OK 
2: Warning 
3: Reject 
4: Stop productions 
 The result of control process can be entered via keypad as alternative preferred 
method, every controller equipped with tree or more RFID tag. Green for OK, 
Yellow for warning and Red for Reject. Showing proper tag indicates the result. 
Logical Package Format=(Mode:5 , Station code, Result code) 
7 Customer inspector  Operators code 
 Used for entering Customer inspector‟s code in case of missed or damaged tag/ 
faulty RFID reader 
Logical Package Format=(Mode:6 , Station code, Inspector code) 
8 Customer inspector result Limited sequential code predefined for 
possible result 
1: OK 
2: Warning 
3: Reject 
 The result of control process can be entered via keypad as alternative preferred 
method, Customer inspector equipped with tree RFID tag. Green for OK, Yellow 
for warning and Red for Reject. Showing proper tag indicates the result. 
Logical Package Format=(Mode:7 , Station code, Result code) 
9 Auxiliary operator(s) Operators code 
 Add an auxiliary operator to production process 
Logical Package Format=(Mode:8 , Station code, Operator code) 
10 Clear auxiliary operator(s) - 
 Remove auxiliary operator(s) 
Logical Package Format=(Mode:9 , Station code) 
11 Leave request Start time  
 Operator request for leave in specified time format HH:MM 
Logical Package Format=(Mode:10 , Station code, Operator code ,HHMM time) 
12 Abandon request Optional, priority 
 Operator request for leave ASAP 
Logical Package Format=(Mode:11 , Station code, Operator code,  [Priority]) 
13 QC check request Optional, priority 
 Operator ask QC to test and confirm the process 
Logical Package Format=(Mode:12 , Station code, Operator code,  [Priority]) 
14 Maintenance Request  Optional, priority  
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 Operator ask for maintenance checkup when something is wrong or seems to be 
faulty  
Logical Package Format=(Mode:13 , Station code, Operator code,  [Priority])  
15 Overwork request - 
 Operator request to have overwork at that day 
Logical Package Format=(Mode:14 , Station code, Operator code) 
16 Raw material request  Optional material‟s code 
 When operator guess consuming raw materials is finishing request for new raw 
materials to be delivered. 
Logical Package Format=(Mode:15 , Station code, Operator code, [Material 
code])  
17 STOP - 
 Critical Alert. In any case production is stopped! 
Logical Package Format=(Mode:16 , Station code, Operator code) 
 
While the number of keys in the keypad is limited, data entry mode is selected only by one key 
and by pressing repetitive, required mode is selected. The modes are sorted based on frequently 
use. Also in any mode a short text message describes data binding and available options. These 
messages help operators to understand the real aim and meaning of the operation clearly. 
Obviously, the Enter/Confirm key must be included. 
 
Figure 17: keypad of Production Station Device 
  
43 
4 SOFTWARE 
 
4.1 SOFTWARE DEVELOPMENT  
Software which is embedded in hardware like Micro Controller‟s program or software for 
communicating between nodes and sink is treated as hardware parts. Main topic and functionality 
is described and whole process is shown in a block diagram, but details are considered as 
hardware implementation team‟s responsibility. 
By using modern software development tools for Micro Controllers, hardware design is easy and 
reliable. For example, Matrix Multimedia presents a development software well-known all around 
the world, the Flowcode. 
Flowcode is one of the world's most advanced graphical programming languages for 
microcontrollers. The great advantage of Flowcode is that it allows those with little to no 
programming experience to create complex electronic systems in minutes. [28] 
Figure 18 is a part of production station module design. This software is very useful for hardware 
requirement specification and hardware design, which is discussed in related chapter. Chip 
oriented output (Hex code/C code) generates automatically.  
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Figure 18: Production station module design sample, Flowcode 
 
4.2 DATABASE MODIFICATION  
General change in data gathering method and switching from manual data collecting to RFID 
enabled automated data collection needs important pre-requirements. This reengineering mainly 
focuses on reliability and mistake free data collection. To achieve this goal, accurate and 
tractable raw data must be considered and prepared, so the exact data must be collected in the 
route of materials. This route starts from supplier delivery point and ends when materials are 
attached to final products.  
In this section based on occurring events, database structure is described. For more readability 
and simplicity, very common fields like register, register date, confirmer, confirm date and so on 
are ignored, these common fields will be added regarding to table design standards of SKC. 
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Notice that the database structure design and declaration of tables is not our topic and only 
adjustment of change is of interest. All tables described and presented in this chapter are real 
and practical tables, although some columns of these tables are ignored and some fields may 
seem unrelated. 
Pull systems (JIT systems or Kanbans as they are often referred to) are often associated with 
lean methodology. The pull process focuses on eliminating wasteful activity during the production 
process, placing materials at point of use and establishing a regular replenishment process. 
Kanban is a Japanese term and is commonly associated with the Toyota manufacturing system 
before its use became widespread. A simple card system showing when items need replenishing 
can be very effective. Through the cards acting as a visual aide, operators are easily made aware 
of stock that needs to be replaced. Kanban systems can be adjusted to suit a company‟s specific 
needs. Kanban cards may be positioned at various stages of a production line according to what 
has been consumed. The cards can also be fixed to containers to communicate which need stock 
and which are filled. [29] 
The process starts when there is scheduled request for raw materials or pieces. Based on 
contracts, suppliers deliver raw materials and scheduled time tables define delivery time and 
amount of requested raw materials. By using Kanban system, any Kanban cart means request for 
raw materials. In this case, RFID tags can act as Kanban carts and sending these tags for 
supplier means delivery orders. Supplier sends raw materials with predefined package and 
specified amount while RFID tag is added to package. Arriving material is easily recognized by 
using background data associated to it. The structure of ordering tables is shown in Figure 19. 
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Figure 19: Database structure, ordering tables 
In Figure 19, MAT_IND table is the main table and contains information about supplier and basic 
information of contracts. Different materials can be mentioned in one contract so 
MAT_IND_ITEMS is a detail table of master table MAT_IND.  
Scheduled delivery is defined in MAT_IND_TIMING. On the other hand, the new table 
MAT_IND_ITEMS_PREDEFINED_TAGS enables system to register Kanban tags. By 
considering production plan and timing table, RFID tags can be related to parcels. 
For example, consider a contract has only one piece and total amount is 5000 pieces of goods A. 
the packaging amount is 250 pieces. Requested goods will deliver in 20 parcels including 
predefined RFID tags which have been registered previously in the new table. This method is 
used widely but it is not the only way of ordering and receiving goods. In some cases, materials 
arrive out of scheduled program or are produced inside the company, then the process is different 
and it is described in its related parts.  
Necessary data can be stored in RFID tags to identify supplier, contract no, order timing and also 
supplier can add batch number, serial number, test reports or any other data to RFID memory. In 
receiving process, this information is read and related data is inserted to database. If in any case 
RFID tags or Kanban is not defined, in counting stage, tag is attached to parcel. Database 
structure is as Figure 20. 
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Figure 20: Database structure, Receiving process 
In the MAT_ACTION table general information about vendor, contract no, order number is stored, 
information about goods, amount and quality result stores in the MAT_ACTION_ITEMS. The new 
table MAT_ACTION_ITEM_PARCELS, added here to store tag numbers. The result of this 
change and generated data is very important and it is used in other parts of system. Parcel 
amount is selected carefully and an integer number of it, is used per batch of final products. 
It can be observed that the MAT_ACTION_ITEMS and the MAT_ACTION_ITEM_ PARCELS 
tables both have SHELF_NO columns. It is not a data redundancy situation. The order of data 
entry is different in these tables. If receiving materials are equipped with RFID tags then data 
adds to MAT_ACTION_ITEM_PARCELS and after that MAT_ACTION_ITEMS is updated. But if 
receiving goods are not equipped with RFID tags, then the whole amount is saved in 
MAT_ACTION_ITEMS, after counting and repacking the RFID tags are added to parcels and 
data is stored in proper tables. This stage is called “Counting” and it forms parcels, if they are not 
defined previously. After counting stage all arriving raw materials are ready to use and they have 
passed QC control and parcels with unique tag number have been formed.  
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Hereafter, all required data related to parcels is accessible. This data is used when parcel is 
delivered to production station and is attached to final products. RFID reader associated to 
production station reads the serial number of tags. Second use is in stock taking process and the 
RFID tags present data about parcels.  
After this enhancement, many complex tables supporting workers report is replaced with very 
simple tables to show relation between production station and operators (including controllers and 
investigators) and parcels. Note that this basic data forms a strong foundation for expert system 
and is valuable in an intelligent system.                     
After reading a tag or entering data from keypad, raw data is sent to the sink by ZigBee module. 
The sink is connected to the network and data is inserted to the database. This raw data with 
exact date and time, stores in the TEMP_DATA_FROM_ PRODUCTION_STATION table.  In 
Oracle, the DATE data-type stores point-in-time values (dates and times) in a table. The DATE 
data-type stores the year (including the century), the month, the day, the hours, the minutes, and 
the seconds after midnight. The structure of this table is shown in Figure 21. 
 
Figure 21: Database structure, temporary data 
This table is used for temporary data which have been sent from Production Stations. Other users 
of this table may prefer different structure, they can create views from this table, changing the 
structure of this table is possible easily, because this table is independent and it is used only by 
the Sink. It must be mentioned that this table is logically a temporary table and it is not an Oracle 
temp table. 
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4.3 DEMONSTRATION BY EXAMPLE  
 
The usage of these structures is demonstrated by an example.  
 
Figure 22: Sample product, Bolt-Washer-Nut 
Final product “Bolt-Washer-Nut” (Figure 22) is consisted of one Bolt, one Washer and one Nut. In 
other words, this is the bill of materials (BOM) of “Bolt-Washer-Nut” products. The production 
process is made of two steps. Firstly, “adding Washer to Bolt” and secondly, “turning Nut on Bolt” 
and this is the bill of process (BOP).  
Each of these processes is done in one Production Station, so there are two Production Stations 
consisting of only one process and this job is done by one operator. Finally, these parcels are 
stored in warehouse and delivered in time to Production Stations. Recall that the table structure is 
shown in tables 8-10.     
Table 8: Table structure 
MAT_ACTION_ITEM_PARCELS 
Name Type 
PARENT_ID NUMBER(5) 
GOODS CHAR(6) 
PARCEL_NO NUMBER(5) 
TAG_NO NUMBER(11) 
PARCEL_AMOUNT NUMBER(11,3) 
SHELF_NO VARCHAR2(20) 
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Table 9: Sample data of MAT_ACTION_ITEM_PARCELS table 
ROWID PARENT
_ID 
GOODS PARCEL_NO TAG_NO PARCEL_
AMOUNT 
SHELF-NO 
 P_ID_1 Bolt Parcel_No_1 Tag_No_11 100 1 
 P_ID_1 Bolt Parcel_No_2 Tag_No_12 100 1 
 P_ID_1 Bolt Parcel_No_3 Tag_No_13 100 1 
 P_ID_1 Bolt Parcel_No_4 Tag_No_14 100 1 
 P_ID_1 Bolt Parcel_No_5 Tag_No_15 100 4 
 P_ID_2 Washer Parcel_No_11 Tag_No_21 200 6 
 P_ID_2 Washer Parcel_No_12 Tag_No_22 200 6 
 P_ID_2 Washer Parcel_No_13 Tag_No_23 200 6 
 P_ID_2 Washer Parcel_No_14 Tag_No_24 200 8 
 P_ID_2 Washer Parcel_No_15 Tag_No_25 200 8 
 P_ID_3 Nut Parcel_No_61 Tag_No_31 100 25/4 
 P_ID_3 Nut Parcel_No_62 Tag_No_32 100 25/4 
 P_ID_3 Nut Parcel_No_63 Tag_No_33 100 25/4 
 P_ID_3 Nut Parcel_No_64 Tag_No_34 100 25/4 
 P_ID_3 Nut Parcel_No_65 Tag_No_35 100 25/4 
For more readability, instead of numbers the reference of them is used. For example, if “401001” 
is an operator‟s code in this example “Operator_code_1” is used and so forth.  
Table 10: Sample data of TEMP_DATA_FROM_PRODUCTION_STATION table 
TYPE PRODUCTION 
STATION_CODE 
TAG_SERIAL 
NUMBER 
OCCUR_TIME Describe 
0 Productin_station_1 Operator_code_55 25/06/2011 08:10:25   
0 Productin_station_1 Batch_N0_2 25/06/2011 08:10:28   
0 Productin_station_1 Tag_No_11  25/06/2011 08:10:29  Bolt,Parcel_No_1 
0 Productin_station_1 Tag_No_21 25/06/2011 08:10:30  Washer,Parcel_No_11 
0 Productin_station_1 Controller_2_OK 25/06/2011 08:15:31   
0 Productin_station_1 Tag_No_12 25/06/2011 08:30:32  Bolt,Parcel_No_2 
0 Productin_station_1 Tag_No_22 25/06/2011 08:50:22  Washer,Parcel_No_11 
0 Productin_station_1 Tag_No_13 25/06/2011 08:50:28  Bolt,Parcel_No_3 
0 Productin_station_1 Tag_No_14 25/06/2011 09:11:24  Bolt,Parcel_No_4 
0 Productin_station_1 Batch_N0_4 25/06/2011 09:27:25  Starting another batch 
means ending process 
of previous batch 
0 Productin_station_2 Operator_code_01 25/06/2011 09:27:25   
0 Productin_station_2 Batch_N0_2 25/06/2011 09:27:30   
0 Productin_station_2 Tag_No_31 25/06/2011 09:27:34  Nut,Parcel_No_31 
0 Productin_station_2 Tag_No_33 25/06/2011 09:37:35  Nut,Parcel_No_33 
0 Productin_station_2 Tag_No_34 25/06/2011 09:47:36  Nut,Parcel_No_34 
0 Productin_station_2 Tag_No_32 25/06/2011 09:57:37  Nut,Parcel_No_32 
0 Productin_station_2 Controller_2_OK 25/06/2011 09:59:30   
0 Productin_station_2 Batch_N0_5 25/06/2011 10:08:20  Starting another batch 
means ending process 
of previous batch 
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This raw data inserted into the TEMP_DATA_FROM_PRODUCTION_STATION table present all 
necessary data. (OPTINAL_PARAMETERS and PROCESSED columns are replaced by 
DESCRIBE column here. OPTINAL_PARAMETERS may use when data inserted from keypad 
and PROCESSED is used by the main software system.) 
Summary of analyzed raw data is, this batch of Final Products has been produced by 
Operator_code_55 and Operator_code_01, total consumed time is 01:57:47.  
Table 11: Summary of analyzed data 
Process Operator(s) Production Station From To Duration 
Adding Washer 
to Bolt Operator_code_55 Production_station_1 08:10:28 09:27:25 01:16:57 
Turning Nut on 
Bolt Operator_code_01 Production_station_2 09:27:30 10:08:20 00:40:50 
   Total production time: 1:57:47 
 
Table 12: Sample data, consumed materials 
GOODS PARCEL_NO TAG_NO AMOUNT 
Bolt Parcel_No_1 Tag_No_11 100 
Bolt Parcel_No_2 Tag_No_12 100 
Bolt Parcel_No_3 Tag_No_13 100 
Bolt Parcel_No_4 Tag_No_14 100 
Washer Parcel_No_11 Tag_No_21 200 
Washer Parcel_No_12 Tag_No_22 200 
Nut Parcel_No_61 Tag_No_31 100 
Nut Parcel_No_62 Tag_No_32 100 
Nut Parcel_No_63 Tag_No_33 100 
Nut Parcel_No_64 Tag_No_34 100 
 
And finally, Controller number 2 has been checked and confirmed the operations.  
Another example, while data entered from keypad: 
Table 13: Sample data, entered from keypad 
TYPE 
PRODUCTION_ 
STATION_CODE TAG_SERIAL_NUMBER O_P*  OCCUR_TIME PROCESSED 
0 Productin_station_1 Operator_code_55   25/06/2011 08:10:25   
0 Productin_station_1 Batch_N0_2   25/06/2011 08:10:28   
0 Productin_station_1 Tag_No_11    25/06/2011 08:10:29   
0 Productin_station_1 Tag_No_21   25/06/2011 08:10:30   
0 Productin_station_1 Controller_2_OK   25/06/2011 08:15:31   
0 Productin_station_1 Tag_No_11   25/06/2011 08:30:32   
4 Productin_station_1 Tag_No_11  50 25/06/2011 08:31:12   
     *O_P = OPTINAL PARAMETERS 
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Observing from last record in the above table; “TYPE”=4 means that unused raw material is 
reported from keypad and the parameter is 50. Tag_No_11 refers to Parcel_No_1 which is a Bolt 
material and its amount has been defined 100 pieces. On the other hand, it refers to Batch_No_2 
the last introduced batch of final products. Last record means 50 pieces of Bolt from Parcel_No_1 
is consumed in Batch_no_2 and 50% of that raw materials have been unused and can be used in 
other batches of final products. 
Previously discussed another possible solution is connecting RFID readers to final products 
batch. (It is not our preferred solution.)  In that case, there is a difference and final product‟s 
readers, read tags associated to Production Stations instead of reading tags of final products 
batches. Also they read fixed tags in production area to indicate the location of final product 
batches.  
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5 REENGINEERING AND EXTRA BENEFITS 
 
5.1 OPPORTUNITY FOR REENGINEERING OF PROCESS 
Business process reengineering is the analysis and design of workflows and processes within an 
organization. A business process is a set of logically related tasks performed to achieve a defined 
business outcome. Re-engineering is the basis for many recent developments in management. 
[30] Process reengineering can be considered from two different points of view;  
First, changing a method of performing task, effects directly to related process, in presented and 
described project, when the reporting system is changed from manual to RFID enabled and 
automated system, then real time data is available for Industrial Engineering Department. It is 
clear that this department should change its procedure and try a new method. If exact data of 
machinery equipment usage is available, accounting unit must change costing methods based on 
estimation of usage and replace direct calculation. Applying these changes by considering effects 
on sub-systems is a concept of reengineering. Another example of possible process 
enhancement is the process of requesting raw materials. When data flow is monitored in real 
time, the process for checking permission, checking quota, requesting raw materials, confirming 
request and registering in warehouse can be changed to the simplest system, “just use and 
report”. This new method is simple, effective and reliable.   
Second, having exact and real time data is a great possibility for decision making and advanced 
controlling. In some reason, it may be preferred to not use especial raw material from one 
supplier with particular raw materials from another supplier in some products: Do not use “nut” 
from supplier “A” with “bolt” from supplier “B”. This type of advanced controlling is available only 
with new suggested method of data collecting. Statistical data and graphs based on production 
reports can be used from many aspects for example, if a correlation between slower rate of 
production and job accident have been found, then in order to prevent job accidents, we can 
change the duty of an operator who is working slower than his/her average speed of production. 
Temporary changing the job of this operator reduces the risk of job accidents.  
Obviously, a team of experts can find and adjust the best method of process reengineering. It 
must be emphasized that applying automated data gathering is a proper time and great 
opportunity for changing and improving related processes. 
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5.2 POSSIBLE EXTRA BENEFITS OF RFID TECHNOLOGY 
The main idea of RFID based data collecting, focuses on production, but when related hardware 
have been installed and data flow is changed, it is possible to make some enhancement and 
developments in other sub-systems, with minimum cost and effort. The following sections discuss 
some considerable suggestions.  
5.2.1  Time Attendance 
Time Attendance system is used by the company to record working hours of employees, in order 
to pay their wages. Installing several clocking points to record activity (coming and going) is 
required. When RFID system is established in production line and employees have their RFID 
tags, then the time attendance system is very simple because most requirements are ready now. 
The only needed element is a reader in the entrance point. Instead of regular readers, gate shape 
RFID readers (Figure 23) are very common for this propose. 
 
Figure 23: HF RFID reader gate, DL8220, [31] 
By this facility, time attendance system is not limited to coming and going activity. In any case 
which exact time and duration of an activity is important this system can be used. For example, 
average time spending in library or self service may be requested by administration.  
5.2.2  Warehouse Management 
Based on scheduled orders, raw materials are collected in warehouse.  The regular basic 
information like raw material name/code, part number, supplier name/code, and order number 
must be determined. Every arriving part is equipped with RFID tag and this data can be added to 
RFID memory for more controlling process, if it is necessary. Record number [primary key of 
table] is added to the label of batches. To fulfill ISO/customer requirements a printed label is 
attached to any parcel of raw materials. 
  
55 
For small size pieces, using a stackable box or pallet is a common way. Using special slot for 
RFID card is an easy and practical way (Figure 24). 
 
Figure 24: Stackable pallet with RFID card slot 
 
Figure 25: SKC warehouse 
The best scenario is that top quality suppliers (QC free) send parcels of pre-ordered goods 
containing RFID tags. These parcels could be recognized, registered and stored in the 
appropriate place in a warehouse or directly go to production line.  
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5.2.3  Outsourcing 
With reference to precise definition of outsourcing, a simple concept of outsourcing is used. In 
this case, outsourcing means sending a predefined exact set of raw material to another 
organization or company to perform some production operations and return the result. This result 
is mainly a middle product and is used as a part of final products.  
Other departments are in charge of selecting and defining the outsourcing tactics and the main 
usage of RFID solution is speed, accuracy and control. 
As mentioned earlier, an outsourcing batch is defined as a set of raw materials and operations 
which must be done on it. In current operational method all material is collected into an 
appropriate box to be delivered to outsourcing destinations and after performing required 
operations, it will be returned to the company. Regarding to RFID solution, the outsourcing 
process is very simple and under control. Each box or package for outsourcing is equipped with 
RFID tag. By reading this predefined tag the operators have a clear list of raw material which 
must be added to the box. The basic data for intelligent inventory management system is ready 
now. By considering physical place of raw materials, time and cost for collecting the set is 
reduced. Furthermore, extra controlling possibility is achieved. Indeed, the only necessary 
requirement is planning and management.  
5.2.4  Quality Control (QC) 
Quality control (QC) is a procedure or set of procedures intended to ensure that a manufactured 
product comply with defined set of quality criteria and meets the requirements of the customer. 
Quality assurance (QA) is sometimes expressed together with QC as a single expression, quality 
assurance and control (QA/QC). 
In order to implement an effective QC program based on specific standards, RFID enabled 
production line is a great advantage. QC/QA is a process which starts from selecting supplier to 
delivering final product to end user. So this system deals with all data gathered during production.  
All arriving raw materials must pass Incoming Quality Control (IQC). IQC is an important 
procedure to control and ensure the quality of products. It is also the first step to control the 
product quality before production. Based on grade of suppliers, sampling rate of arriving raw 
materials has been defined. This fact that any parcel of materials can be identified by RFID tags 
enhances the IQC process but the greatest advantage is In-Process Quality Control (IPQC). 
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All necessary tasks related to IPQC have been considered and designed in the project. Start 
permission for process, in progress checking and confirmation, sampling and even line stop can 
be performed by QC controllers. As it is clearly explained in Production Station‟s device 
description, controllers can use their RFID tags or keypad to accomplish the appropriate task. 
Logically and systematically, Final Quality Control (FQC) is the same as IPQC. The last IPQC 
process is FQC process, when production process is complete. 
5.2.5  Stock-Taking 
Stock-taking or inventory checking is the physical verification of the quantities and condition of 
items held in an inventory or warehouse. This may be done to provide an audit of existing stock 
evaluation. It is also the source of stock discrepancy information. Stock-taking may be performed 
as an intensive annual check or may be done continuously by means of a cycle count. Most cycle 
counting applications use an ABC analysis. 
Although Stock taking is not the main reason for using RFID in production tracking and control, it 
makes a valuable benefit in this process. In traditional process, the production is stopped and 
warehouse is closed while counting is in progress. So decreasing any minute of stock taking 
process is equal to increasing minutes for production. By using RFID tags and handheld readers 
the process is much faster. 
In current system, all stages are manual, so finding, counting and registering is done by operators 
and manual data entry for this huge amount of data is boring, time consuming, and potential for 
mistakes. When all parcels of raw materials have an RFID tag and connected data is available in 
database, the stock taking process is simply reading RFID tags and reporting the differences 
between read data and stored data.  
5.2.6  Economical Aspects  
It is very difficult to evaluate some qualitative parameters in economical justification process. But 
it is clear that these kinds of parameters are important in any business. Features like accuracy, 
reliability and simplicity of use are so important that each of them is a reason for changing 
present system. 
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It is mentioned in Section 2.5.1 “Raw Materials” that average time for daily production report is 15 
minutes per operator. If only 200 operators are using this automated system then 3000 minutes is 
saved per working day, it is more than 7 operators working time. 
On the other hand, two operators are working full time for data entry, by establishing the new 
system, manual data entry is not necessary at all. Even if we suppose one operator is busy with 
the new system, still 8 operators have been released from nonproductive processes to productive 
processes. Releasing 8 operators out of 200 operators, it means 4% saving in workforce.  
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6 SUMMARY  
 
All research, discussion and analysis based on practical experience and knowledge of production 
processes combines with new scientific methods and makes a good understanding of the 
problem. It forms a stable foundation for the presented solution. 
I believe this is an acceptable and practical solution, but it needs a high quality hardware 
implementation too. On the other hand, like in any other project, a disciplined management during 
the project life cycle is required. 
Finding a simple and mistake free method, especially for operators in production line is a great 
challenge. In production line, many raw materials and goods are common or very similar, 
operators may be suspect that they have reported their work or that they have not, boring reports 
and other related topics have made it a difficult task for operators. The new method is very 
simple; just show the tags to the readers, if you have doubt show it again. 
Based on the scope of thesis, the main concept and design in this phase intends to insert data to 
database. But another great story starts here. Gathering and collecting reliable data is a base for 
other systems. Using this data in an expert system and a management information system is 
more valuable. I strongly recommend the company to have a plan for using this data. The whole 
project for SKC could be considered in 3 phases: 
 Designing automated data gathering system (Scope of this thesis) 
 Hardware implementation 
 Software development based on gathered data 
The first step has been done, the second step can be entrusted to a qualified hardware company, 
and the last step can be done by an internal software team of SKC or entrusted to external 
software experts. 
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